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Abstract 
 
A rainwater harvesting and treatment system was designed and constructed for the Hope for 
Life Ministry’s home for street boys, located outside of Kigali, Rwanda. This system included 
two different components: a showering system and a potable system. The design and 
construction of the shower system utilized the roof space of the property’s main building to 
capture water in two separate 10,000-liter tanks on either side of the building. Manual hand 
pumps were then installed in shower rooms located on either side of the building and were 
connected to the tanks with piping. 55-gallon barrels were placed in the shower rooms to 
collect pumped water and a thorough bucket showering plan was set in place to allow for 
sufficient water supply throughout the year. The design and construction of the potable 
system utilized the existing roof spaces of the kitchen and outdoor bathrooms to collect 
rainwater, which is then piped to a slow-sand filter and ultimately stored in a 3,000-liter tank. 
These systems will allow up to 85% of the home’s annual water demand to be supplemented 
by harvested rainwater, reducing the home’s utility water costs, increasing its self-sufficiency, 
and promoting funds to be used for other purposes. 
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INTRODUCTION 
 
Project Background 
In September 2013, the Santa Clara University School of Engineering was contacted by the 
Hope for Life Ministry (HFLM), an organization promoting various social aid programs in 
and around Kigali, Rwanda (see Figure 1). Rwanda is a small landlocked nation in East 
Africa, and as of 2005, it has been determined that nearly 58.5% of the Rwandan population 
live beneath the poverty line. As a result, the nation’s capital, Kigali, has produced one of the 
largest numbers of street children per capita in the world. Many of these street children 
become involved in illegal activity as there are little to no options for them to survive, and in 
turn many develop drug addictions and become gang affiliated.  
 
 
 
 
 
 
 
 
The Hope for Life Ministry’s primary project is a home for street boys, located outside of 
Kigali, Rwanda. The home was created in hopes of providing street boys the chance to create 
better lives for themselves. This would not only improve the boys’ quality of life, but also 
improve the surrounding community and city streets by reducing the amount of illicit activity 
Figure 1: Map of Rwanda 
2 
 
associated with street children. The home provides education and offers a variety of 
counseling as well as English lessons, equipping the boys with the necessary tools to integrate 
successfully into society. 
 
Since its founding in 2008, the organization has grown and now the home houses 15 boys and 
a small number of staff with a max capacity of 24 occupants. It is the goal of the home to 
become more self-sustaining and less reliant on outside sources for support. One of their 
specific goals is to reduce their reliance on municipal water, which has shown to be unreliable 
and a large part of their monthly expenses. Image 1 and Figure 2 are images of the home. 
 
 
 
 
 
 
 
 
Image 1: Side view of HFLM. 
Main building houses boys and 
shower rooms. Exterior building 
include toilets and kitchen. 
Figure 2: Aireal view 
of home drawn by 
HFLM staff. 
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Problem Statement 
When the HFLM first contacted us, they asked for specific help in attempting to supplement 
their home’s current water demand supplied by the municipality with harvested rainwater. It 
was their primary goal to have harvested rainwater cover 75% of their current water demand 
throughout nine months of the year (August through May), when significant rainfall occurs. 
The majority of the harvested water would be directed toward showering, which required the 
largest water demand. Water for other uses and storage for the dry season was also 
considered, though these considerations were not directly proposed by the HFLM.  
 
Implementing this system would allow the orphanage to more efficiently address its demands 
by supplying the boys with a reliable source of water, in turn improving its ability to 
successfully give these boys a home they can feel meets their basic needs. It will also reduce 
the current water bill, which will allow additional funds to be spent in other areas. The 
orphanage will be able to grow and continue improving the lives of Rwanda’s street children 
along with its surrounding communities by increasing its self-sufficiency. 
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DESIGN PHASE 
Our Approach 
Our initial approach was to develop two separate systems that would harvest rainwater for 
different aspects of the home’s demand. The first and primary system would be a showering 
system. After initial Skype talks with the staff at the home, it was decided that showering was 
the largest part of the home’s water demand, and it was our primary goal to design a system 
that could supplement this demand to the best of our ability. Other sources of water use 
included drinking, cooking, laundry, and irrigation. Upon more talks with the HFLM staff, it 
was decided that drinking and cooking were the next greatest sources of water use. This 
encouraged our team to consider designing our second system, which would be strictly used 
for potable water. 
 
With the combination of both a showering system and a potable system, our goal of 
supplementing 75% of the home’s 9-month water demand would have a greater feasibility. 
The use of two separate systems would also make treatment requirements more realistic as the 
showering system would require limited treatment versus the potable system, which would 
require much more intensive treatment.  
Upon undertaking the design of both systems, it was decided the systems would be designed 
for a worst-case scenario: full capacity (24 occupants) and a full year of water supply. 
Designing for this worst-case scenario, which we would consider our “design case,” would 
increase chances of hitting the goal given to us by the home. 
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Shower System 
Overview 
The basic concept of the showering system was to utilize the roof of the main building to 
collect rainwater in two tanks, one located on either side of the building. This water would 
then be pumped to the two shower rooms located on either side of the building. In order to 
avoid maintenance and operating costs, hand pumps were selected for the shower room. These 
pumps would fill indoor barrels that could be used for bucket showers. Figure 3 shows the 
general layout of the shower system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Aerial view of proposed 
tank layout for shower system 
(larger tanks located on either side 
of main building). 
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Hydrologic Analysis 
In order to determine whether the project goal was feasible, an extensive hydrologic analysis 
was executed. Water usage estimates from HFLM were extremely inaccurate and unreliable, 
and as a result required that the system be designed based on available rainfall, rather than 
demand. This required the demand to be set and a water conservation plan to be developed. 
The most frugal method of showering as well as easiest to monitor water use was bucket 
showering. Therefore our team created a table that allotted a certain amount of water per 
shower per person depending on the month of the year. For instance, during the rainy season, 
a greater amount of water could be used versus the dry months when showering water 
capacity could have to be minimal. Table 1 shows the most efficient showering plan we were 
able to compose based on number of occupants and number of showers per person per day.  
 
 
 
 
 
 
Month
Number of 
occupants 
(boys+staff)
Numer of 
showers per 
person
Average Bucket Shower 
(gallons)
Average Bucket 
Shower (liters)
Total Daily Bucket 
Shower Demand (liters)
Total Daily Bucket Shower 
Demand (m^3)
Jan 24 1.5 5 19 681 0.68
Feb 24 1.5 5 19 681 0.68
Mar 24 1.5 5 19 681 0.68
Apr 24 1.5 5 19 681 0.68
May 24 1.5 3 11 409 0.41
Jun 24 1.5 2 8 273 0.27
Jul 24 1.5 2 8 273 0.27
Aug 24 1.5 2 8 273 0.27
Sep 24 1.5 3 11 409 0.41
Oct 24 1.5 4 15 545 0.55
Nov 24 1.5 5 19 681 0.68
Dec 24 1.5 3 11 409 0.41
Bucket Shower Water Saving Plan
Table 1: Bucket shower water 
saving plan. 
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Rwanda’s available weather records were difficult to locate, so to develop a better 
understanding of the rainfall patterns, 50 years of daily rainfall data from weather stations all 
over the globe was interpolated using the site’s latitude and longitude. To ensure that the 
interpolation was accurate, this data was then scaled month-by-month to return the average 
monthly rainfalls that are reported for Kigali, as shown in Figure 4. This more extensive data 
gave us a glimpse into how the 
system would perform with 
different size tanks and other 
adjustable variables. It showed 
daily rainfall and daily usages in a 
yearlong pattern, which was 
extremely helpful in determining 
the feasibility of the project.  
 
Using spreadsheets, several values could be adjusted, such as roof runoff coefficient, 
catchment area, tank size, daily demand, number of people in the home, etc. This spreadsheet 
could then predict how many days in an average year the home would experience a dry or 
overflowing tank and when in the year they would be occurring. Knowing how the system 
would perform throughout the dry months was beneficial in deciding whether or not the 
system would be worthwhile. The goal was to design tanks that would be able to provide 
water through most, if not all, of the dry season.  
 
Figure 4: Reported monthly 
rainfall for Kigali, Rwanda.  
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Table 2 shows the reported monthly rainfall values for Kigali as well as the simulated values 
and a scaling factor. This scaling factor was then used to determine an accurate day to day 
rainfall value which could be used to determine the tanks capacity, as shown in Table 3. The 
summed amount of empty and overflowing days over all 50 years was then used to determine 
a tanks capacity over one year, as shown in Figures 9 through 11. These figures are separated 
by different runoff coefficients, which represent the percentage rain predicted to be caught.   
 
 
 
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12
January February March April May June July August September October November December
Reported Monthly Total (mm) 80.00 107.00 119.00 186.00 104.00 22.00 10.00 35.00 86.00 106.00 140.00 102.00
Average Monthly Total from Data 
(mm)
69.95 78.49 112.81 167.31 110.96 20.26 14.11 25.15 66.83 104.66 110.06 81.52
Percent Difference -0.13 ‐0.27 -0.05 -0.10 0.07 -0.08 0.41 -0.28 -0.22 -0.01 -0.21 -0.20
Scaling Factor 1.14 1.36 1.05 1.11 0.94 1.09 0.71 1.39 1.29 1.01 1.27 1.25
Daily Usage (m 3^) 0.68 0.68 0.68 0.68 0.41 0.27 0.27 0.27 0.41 0.55 0.68 0.41
Year Month Day Scaled Rainfall (mm
Cubic Meters 
Collected Daily UTage
Total 
Stored 
(m^3)
Overflow 
(m^3)
1950 1 1 6.325 2.007 0.681 1.325 0
1950 1 2 0.000 0.000 0.681 0.644 0
1950 1 3 8.086 2.566 0.681 2.528 0
1950 1 4 5.147 1.633 0.681 3.480 0
1950 1 5 0.000 0.000 0.681 2.799 0
1950 1 6 0.000 0.000 0.681 2.117 0
1950 1 7 0.000 0.000 0.681 1.436 0
1950 1 8 0.000 0.000 0.681 0.755 0
1950 1 9 5.890 1.869 0.681 1.942 0
1950 1 10 6.176 1.960 0.681 3.220 0
1950 1 11 21.330 6.768 0.681 9.307 0
1950 1 12 0.000 0.000 0.681 8.626 0
1950 1 13 0.000 0.000 0.681 7.944 0
1950 1 14 1.315 0.417 0.681 7.680 0
1950 1 15 3.809 1.208 0.681 8.207 0
1950 1 16 0.000 0.000 0.681 7.526 0
1950 1 17 11.609 3.683 0.681 10.528 0
Table 2: Reported rainfall data, simulated data, 
and scaling factor. Daily usage was derived from 
water usage plan as shown in figure 5. 
Table 3: Small portion of day to day water collection based on 
scaled 50 year water analysis, tank size, etc. 
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Tank Selection and Design 
When selecting tank material, our research showed that Rwanda had three main options; pre-
fabricated plastic, standard masonry, or ferrocement. Prior to the project, we had never heard 
of ferrocement, but our project advisor told us to research and consider it a possibility. We 
weighed the advantages and disadvantages of each alternative, searching for an economic, 
durable, easy solution that would require little maintenance throughout its operating life. 
Online research implied that pre-fabricated tanks were quite expensive, ruling that option out 
due to our limited funding.  
 
According to online reading, ferrocement construction was a common technique in the 
developing world, and had been used in Rwanda for decades. Its popularity stemmed from its 
durability, low cost, and few materials required to build water tanks and other structures. It 
was also a better alternative to standard cement construction as it would use much less 
material, making it more economical and environmentally friendly.  
Figures 5-7: Annual tank capacity 
based on storage size and runoff 
coefficient.  
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In order to fully understand how ferrocement construction worked, we prepared a small 
sample wall in Santa Clara using chicken mesh, water, and 1:3 cement to sand mix, as shown 
in Image 2. The materials were easy to find, cheap, and construction was quick and painless, 
so a ferrocement tank was selected. Tank designs were drawn for 10 and 20 cubic meter 
variations (see Figure 8), to allow for last-minute changes in plans, should any be necessary.  
Contractors at the site were unavailable for consultation in the weeks before construction 
because the whole country was in observance of the 20-year anniversary of the genocide. This 
made it impossible to find out whether they knew ferrocement construction, or how much it 
would cost to build different sized tanks. 
 
 
  
 
 
 
 
 
Image 2: Preparing a 
test-run ferrocement wall. 
Figure 8: Ferrocement tank 
design for 20 m^3 tank.  
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Pump Selection 
The main concern when selecting a pump was finding a design that would be durable, require 
little maintenance, and be maintainable with materials that were available around the home. 
Electronic pumps were also something we wanted to avoid as they would require electricity, 
something unreliable in Rwanda, and would more expensive to maintain. For these reasons, 
manual pumps were selected.  
 
A cast iron pitcher pump, model PP500, was selected due to its durability and max lift, which 
was 30 ft, more than sufficient for the purposes of the project. This pump had minimal parts 
require minimum maintainance. Two of these pumps were purchased from Home Depot for 
less than $100 and brought to the home. Image 3 shows one of the pumps. 
 
 
    
 
  
Image 3: Pump used for shower 
rooms.  
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Conveyance 
There were multiple piping options for moving water from the roof to the storage tanks and 
conveying it to the shower rooms. Since the majority of piping for this system would not be 
pressurized, this allowed us to utilize existing gutters and piping. Pipe selection from the 
tanks to the shower rooms would be dependent on available sizes.  
 
Piping would be connected to the existing gutters and run through a first flush system, 
allowing the more heavily contaminated water caught from an initial rainfall to be conveyed 
away from the water tanks. Since available material selection was unknown during this phase, 
calculations were done to determine the required volume of piping to capture the first flush. 
 
Using the rule of thumb that 10 gallons of water would have to be diverted for every 1,000 sq. 
ft and the roof space of the main building (334m^2), the total estimated first flush piping 
requirements were 20m of 9cm diameter pipe (Texas Manual on Rainwater Harvesting, 2005, 
pg 8) . There would be two inlets to each tank that would require these first flush systems, 
each conveying water from different 
sized roof areas. The 9cm was 
assumed as the existing gutters were 
this size, assuring that this pipe size 
was available locally. Figure 9 
shows one of the various design 
options for the first flush. 
  
Figure 9: One design 
option for a first flush 
(Image by Doug 
Pushard) 
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Potable System 
Overview 
Unlike the shower system, which already had a set catchment area, probable tank locations, 
and final discharge locations (shower rooms), the potable system had many more variables. 
Such variables included catchment area, tank sizing, filtration rate, number of filters, and 
demand rate. Since actual knowledge of the physical layout of the property was very limited, 
where these components would be located, how they would be built, and their sizing were all 
very difficult to determine. To further complicate the design, we were uncertain how long our 
construction time at the home would be and how much money would be leftover from the 
shower system, which was the initial project priority. As a result, two separate designs were 
made to address the various options available for making the potable system. 
 
Design 1 
Design 1 would incorporate the construction of additional catchment area. After talks with the 
home’s staff, there was desire to construct a structure that included a chicken coop, goat shed, 
and tool shed. As these were all structures the property needed, it would be beneficial to 
construct this structure for both rainwater catchment and the additional structure purposes. 
Figure 10 shows a design idea for the mixed-use structure. 
 
Water caught from the roof would then be collected in barrels alongside the building and 
slowly fed into a slow sand filter, which would drain into a storage tank. Based on the 
location of the storage tank, there were possibilities of allowing a gravity-fed sink in the 
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kitchen that would be fed from the tank, though actual placement of any of these components 
was unknown during the design phase.  
 
 
 
Design 2 
Design 2 would utilize the existing kitchen and outdoor bathroom roofs to capture and store 
water for the potable system, as shown in 
Figure 11. Besides the economic advantage of 
requiring less construction, this design 
alternative was also attractive because the 
short period of travel would likely not be 
sufficient for the construction of a separate 
structure. Being able to use existing roof space 
with the pre-installed gutters would be hugely 
beneficial because it would allow time and 
resources to be used elsewhere. Additionally, 
since the real project goal would be met mainly by the shower system, it was unclear how 
Figure 10: A draft of the potential 
catchment area for Design 1. 
Figure 11: Tank (black) in relative 
position to kitchen and bathroom. 
Light blue figures represent rain 
catchment barrels (excuse the 
blurriness).  
15 
 
much funding would be left for the potable system. Available time and remaining funds in our 
project ultimately proved to be the deciding factor in our design selection. 
 
Hydrologic Analysis 
Using the same 50 years of data from the shower system, a spreadsheet was designed to 
model the potable system. Again, the spreadsheet could calculate the average number of days 
in a year that the tank would be dry or overflowing. However, this model required much more 
advanced knowledge of Excel because 
there were so many factors that affected 
the system. The calculations took into 
account daily rainfall, catchment area, 
filtration flow rate, size of the filter and 
storage tank, and daily use of water per 
person, to name a few. Table 4 shows a 
small glimpse of the day to day analysis 
done on storage capacity and Figure 12 
shows the storage capacity throughout the 
year of a 3,000 liter tank. 
 
Determining a design demand was difficult because estimates of water use varied greatly, so 
the World Health Organization’s value of 3 liters per day of drinking water was used. The 
design case was used again to model tank efficiency, and a 5 cubic meter tank was selected as 
an optimal size.  
Figure 12: A graph of the performance 
of a 3,000 liter storage tank for the 
potable system. 
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Design Phase Obstacles 
Lack of Information 
The design of these systems was difficult because of the little information available, 
unreliable water usage estimates, no information about available materials, and the 
uncertainty about whether any part of the system would realistically be built. 6 photos of the 
site guided most of the design phase, so it was difficult to understand whether certain tank 
locations and sizes were feasible on-site.  
 
Difficult Communication 
Communication across seas with large time difference and with a country with poor 
infrastructure was very difficult to manage. 
  
Year Month Day
Rainfall 
(mm)
Scaled 
Rainfall 
(mm)
Overflow 
from 
showers 
(m^3)
Cubic 
Meters 
Collected 
With 
Overflow 
and Roofs
Amount 
Filtered in 
Day
Total 
Remainin
g in Initial 
Storage
Amount In 
Final 
Storage 
Before 
Consumpt
ion
Daily 
Usage
Remainin
g Storage
Overflow 
(m 3^)
1950 1 1 5.53 6.32472 0 0.202391 1.69646 0 0.202391 0.084 0.118391 0
1950 1 2 0 0 0 0 1.69646 0 0.118391 0.084 0.034391 0
1950 1 3 7.07 8.086035 0 0.258753 1.69646 0 0.293144 0.084 0.209144 0
1950 1 4 4.5 5.146698 0 0.164694 1.69646 0 0.373839 0.084 0.289839 0
1950 1 5 0 0 0 0 1.69646 0 0.289839 0.084 0.205839 0
1950 1 6 0 0 0 0 1.69646 0 0.205839 0.084 0.121839 0
19 0 1 0 0 0 0 1 69646 0 0 121839 0 084 0 03 839 0
Full Capacity
Table 4: Day to day analysis of 
tank capacity. 
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CONSTRUCTION PHASE 
 
After months of analysis, research, and design, the project team was given a generous 
donation from Dr. Ruth Davis. This funding made traveling seem like a possibility, so 
fundraising letters were sent out to friends and family in an attempt to bring the project to 
fruition. There was an overwhelming amount of support in response to the project, and the 
funding goal was surpassed in no time, so the tickets were booked for 2 weeks in Rwanda.  
 
Shower System 
Tank Selection 
We met with contractors on our first day at the home, only to find that they had no 
background with ferrocement and were unwilling to learn about it. They drew up an estimate 
for a similar masonry tank of 20,000 liters, but it would’ve cost almost our whole budget to 
build one of the two we set out to implement. We communicated the concern about budget 
and they drew up an estimate for a 10,000-liter tank, but it was still far too high. The amount 
of material required for a standard masonry wall put the option way out of the project budget, 
and with ferrocement out of the question, it appeared that options were running low.  
 
Out of curiosity, we walked to the market to see if ferrocement construction without 
contractors was feasible. Building one without their assistance would require lots of time, but 
there weren’t many other options. On the way to the market, there was a church that had a 
large pre-fabricated plastic tank of 10,000 liters. The tank had a sticker with a phone number, 
so after a short phone call, it was discovered that buying two pre-fabricated 10,000 liter tanks 
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cost less than half of building one out of masonry. 
The choice was easy- we purchased two of the tanks 
and some accessories, all for less than half of the 
quote to build a masonry tank of the same size. 
Image 4 shows the tanks available at the supplier. 
 
 
 
 
Tank Installation 
The tanks arrived a few days later, allowing time for 
a hole to be excavated and a foundation prepared for 
each of the tanks. Local labor was hired to excavate 
the holes in which the tanks would be placed (see 
Image 5). The tanks were submerged about 1 meter 
into the ground to allow sufficient head for the water 
from the gutters to drain into the tank. A 20cm 
foundation of compacted sand ensured that no settling 
would occur (see Image 6), and a 10cm backfill of 
sand around the tank provided cushioning if the tank 
did settle.  
 
 
Image 4: Tanks at warehouse.  
Image 5: Tank excavation 
Image 6: Compacting foundation 
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Tank Components 
Inlet 
Both shower tanks had two inlets, both of which were 
screened. These inlets were 9cm in diameter as the existing 
gutters we added on to were 9cm in diameter, as shown in 
Image 7. There were two inlets as gutters from various 
corners of the building all had to connect to the tank.  
 
Outlet 
The outlet was comprised of a 40mm diameter pipe that ran to the 
bottom of the inside of the tank and was covered by a screen to avoid 
sediments in the water being pumped out. This pipe then runs out of the 
tank, is buried for a small portion (see Image 8), then runs alongside 
the building and up into the shower room. 40mm pipe was chosen as the 
connections to the pitcher pumps for the shower rooms were 40mm. 
100m of 40mm pipe was purchased and used throughout the project. 
 
Overflow 
Two overflow holes, each 9cm in diameter, were drilled to meet 
the same dimensions as the inlets in the case of overflow. The 
water from the overflow can be piped into separate storage 
containers, sent away from the tank for irrigation, or used for 
cleaning clothes and the floor. See Image 9 for outlet. 
Image 7: Inlet into one of the 
tanks. 
Image 8: Tank outlet 
Image 9: Tank overflow 
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Vent 
As water would enter and exit the tank, the amount of empty 
space in the tank would change. The vent in the tank would 
allow for air to flow in and out of the tank to accommodate the 
change in volume inside and maintain atmospheric pressure. As 
a health precaution, the vent cover is screened to ensure that no 
insects or other contaminants can access the water supply, as 
shown in Image 10.  
 
First Flush and Conveyance 
In order to use local materials, 9cm piping was used for the inlet and overflow pipes. This was 
convenient as the existing gutters on the main building already used this size piping, which 
was relatively inexpensive and common in the markets. This size was also adequate for the 
expected amount of rainfall. 
 
While purchasing the tanks, the tank manufacturer had their own design for a first flush 
mechanism. This mechanism comprised of one inlet and two outlets with a manual knob 
allowing for water to be passed through one outlet or the other. This enabled rainwater runoff 
to be sent through one outlet for the initial part of a rainfall, and then be manually divereted to 
enter the tank. An inexpensive device with few parts and little to no potential future 
maintenance, it was an excellent tool for our needs and four of them were purchased, one for 
each inlet. 
Image 10: Tank vent 
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The outlets, as described in the previous section, were 40mm 
pipe due to the sizing of the manual shower pumps. All joints 
in the piping system were sealed with Tangit piping adhesive to 
ensure pipe would not come undone, especially for the outlet 
piping where maintaining pressure for pumping was critical. 
Image 11 shows the first flush device along with outlet piping 
and inlet piping.  
 
Shower Rooms 
In the shower rooms we installed pump stands, which we had built by a local contractor. 
These stands were placed next to 55 gallon barrels that were purchased from the local market. 
These barrels were washed prior to installation and were insured to have not stored any 
harmful substances prior to our use. On top of the pump stands we attached the pitcher 
pumps, which were then connected to the outlet piping (see Image 12). This would allow the 
barrels to be easily filled when needed. The simple use of buckets for bucket showers could 
then be used, and this would allow for a set amount of water to be used per shower. If need 
be, occupants could also use the 
existing showers that utilized city 
water.   
 
Since we did not want to require the 
boys to have to use traditional bucket 
Image 11: Inlet piping, first flush 
mechanisms, and outlet piping. 
Image 12: Pump, pump stand and 
barrel in shower room. 
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showering methods, we designed a system that utilized a 
standard bucket, a showerhead, and a ball valve. The ball 
valve was installed through the bottom of the bucket and 
the showerhead was attached to that, so that the valve could 
control water flow through the head as shown in Image 13. 
These buckets were to be installed overhead so that the 
existing showers would feed into the buckets. This will 
allow users to track water usage even when the city water 
would be used. Unfortunately do to the weak structure of 
the ceiling and lack of time, we could not hang these 
contraptions, which will be a future project for the home. 
 
Potable System 
Design Selection 
Available construction time ended up being the main factor in deciding between the two 
design options. Work on the potable system began as the shower system was being 
completed, and only about four days remained, so it was decided to utilize the existing roof 
spaces for the catchment area. 
 
Tank Selection and Installation 
The 5,000-liter tank that initially was going to be used ended up being too large to fit in the 
area selected due to existing piping, so a 3,000-liter tank was selected instead. Using the 
Image 13: Bucket shower 
mechanism for regulating 
water flow. 
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spreadsheet, we ran numbers and found that the 3,000-
liter tank would be plenty of storage, although it had more 
days empty and overflowing than the 5,000.  
 
The tank was located in between the two catchment areas, 
and tucked into a hill close to the point of use, as shown 
in Image14. This would allow the tank to be 
unobtrusively tucked away, and conveniently located next 
to the existing smaller water filter the home already used. 
The tank was placed about 30cm below the ground 
surface and had a 20cm compacted sand foundation. The 
edges were then backfilled with sand.  
 
Tank Components 
Inlet 
A ¾ inch inlet was drilled that would be fed by a hose attached to the slow sand filter.  
 
Outlet 
A ¾ inch spigot was attach to the base of the tank. Beneath 
the spigot we placed gravel (see Image 15). 
 
 
 
Image 14: Potable water tank. 
The smaller blue barrel is the sand 
filter.  
Image 15: Outlet spigot 
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Overflow and Vent 
A 40mm overflow bulkhead was attached to the top of the tank for the purpose of attaching 
future piping for capturing treated overflow. A vent was also made on the top of the tank that 
was covered with mesh.  
 
Conveyance 
The existing 9cm diameter gutter piping on the kitchen and bathroom were connected to 55 
gallon drums that were elevated on stands built out of mortar and cinderblock, as shown in 
Image 16. These barrels would act as initial catchment break pressure boxes that would be 
able to feed the slow sand filter. The stands were built to allow sufficient head. 
 
40mm piping was used to 
transport water from the 
barrels to the filter. While piping from the kitchen was run along 
the side of the building, much of the piping from the bathroom was 
placed underground for both protection and aesthetic purposes.  
 
The conveyance piping was connected to a jerry can, which would then feed the filter. This 
jerry can had a cap, allowing for manual filling of the can in the instance that there would not 
be sufficient collected rainwater to feed the filter. This would be important in the dry season 
and would enable the home the filter city water, which was untreated.  
 
 
Image16: Initial storage barrels 
on stand. 
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Slow-Sand Filter Construction 
To deliver water that is of high quality, a slow-sand filter was installed to filter water prior to 
its storage in the 3,000-liter tank. This filter was built in a 55-gallon barrel, using sieved fine 
sand and gravel from that used for the tank foundations and that had been thoroughly washed. 
Images 17, 18 and 19 show the process for achieving the sand and gravel layers we needed. A 
small layer of gravel supported the fine sand, which would trap all contaminants and develop 
a bio-layer that would be used to purify the water. This bio-layer must be kept under a thin 
layer of water to ensure bacteria stay effective in removing pathogens from the source water. 
The schematic for the filter is shown in Figure 13.   
 
   
 
 
 
To ensure that an appropriate amount of water is maintained on the bio-layer, a float valve 
was installed a few inches above the sand layer. This will allow water to pool up on top of the 
sand, but will prevent it from overflowing by shutting off flow if the water level gets too high. 
The float valve dispenses water onto a diffuser, made from the lid of another barrel and drilled 
with holes, which is used to ensure that all the water is being dispersed gently and evenly to 
Image 17: Sieving 
gravel used for 
backfilling tanks. 
Image 18: Washing 
sand. Best method 
was to rinse sand in a 
burlap sack and 
compress. 
Image 19: Different 
layers of filter after 
being washed. 
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not disturb the top layer of sand. The float valve and diffuser are shown in Image 20. This top 
layer is important because it holds the bacteria film, but the foot and a half of sand beneath it 
is also important because it traps all remaining suspended solids.  
  
 
 
The water coming from the filter should be free of most pathogens, free of any sediment, and 
suitable for drinking and cooking. Once a system flush has been completed on the filter and it 
is producing clean water, it can be hooked up to the 3,000-liter tank, where the water will be 
stored for distribution via a spigot. 
 
Construction Phase Obstacles 
Working Time 
One of the main obstacles we face in the construction of our project was the amount of 
working time we had available. Our trip fell on the 20th anniversary of the 1994 Rwandan 
Genocide, therefore many of the days in the first week on site were holidays (including 
Easter). As a result we were limited in the time we could visit the markets and determine what 
Figure 13: Schematic of sand 
filter design (Source: Slow-sand 
filter cross-section) 
Image 20: Float valve and diffuser. 
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materials and labor was available. When construction finally began, we had less than a week 
to complete both systems. 
 
Material Procurement and Quality 
Materials were extremely difficult to find. There were no Home Depots in Rwanda and the 
majority of specific items we needed were not available, requiring our team to design around 
what was available. Many times we found ourselves short one specific item, requiring us to 
travel to the local market and in most cases the capital. These constant trips were extremely 
time consuming, taking 6 hours or more on average, and as stated above, quickly reduced the 
amount of time we had to build.  
 
It was extremely difficult to find what we 
needed in the markets as they were massive and 
consisted of numerous stands and shacks, each 
with different materials, sellers, and prices. 
Image 21 shows a typical market where we 
bought supplies. Being foreign made it difficult 
to find good prices on everything and the 
language barrier made most communication 
impossible. Many times we would have to draw 
items we needed and show the venders.  
 
Image 21: Local market where we 
bought supplies. 
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Materials were also very low quality and 
multiple times pipe brackets would break, 
screws would snap, and same size pipes would 
not fit together. In the instance of pipe reducers, 
venders told us to melt different reducers and 
pipes together, such as the ones in Image 22. 
 
Construction Ease 
Much of the manual labor we had to do ourselves (with the help of the boys as well), which 
proved to be very difficult to manage. Excavation, hauling sand and gravel, moving tanks, and 
lifting pipe was all very frustrating. One of the greatest 
challenges we faced was attaching pipe to the side of 
the buildings. The wall material of the buildings was 
very crumbly and many times we were not able to 
screw into it (demonstrated in Image 23). Sometimes 
an individual pipe bracket would take up to an hour to 
drill in. These cases caused huge setbacks.  
 
 
 
Tool Availability and Quality 
Many of the necessary tools we needed we did not have. In most cases essential tools we did 
have we only had one of, which made delegating work difficult. During our trip, we had to 
Image 22: Pipe reducers that venders 
recommended “melt together.” 
Image 23: Much of the building 
wall would crumble when drilled 
into, such as the holes shown in 
this picture. 
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purchase a second drill after discovering the first one we purchased did not work. Extension 
cords were also very difficult to find, so as a result we had to connect multiple power strips 
together to reach certain places.  
 
Power Outages and Unpredictable Rainfall 
Power outages occurred multiple times a day for periods ranging between 30 minutes to two 
or more hours. These were very problematic as we could not drill, which majority of the work 
we had to do consisted of, and working at night became even more difficult to manage. 
Unpredictable rainfall was also a huge obstacle. For instance, after placing the foundation for 
the showering tanks, they filled up with rainwater, causing us to have to manually drain them 
and compact again.  
 
Little Boys 
Though awesome to hang out with, many of the little boys 
at the home made work extremely difficult. Many tools that 
were left out quickly disappeared or were broken, and any 
hanging piping or other vulnerable construction materials 
were at risk of being broken. See Image 24 for example. 
 
 
 
 
 
Image 24: Boys playing with equipment while working.  
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SYSTEMS ANALYSIS 
 
After completing construction, it was necessary to analyze our two systems to see how they 
would perform. Though in our design phase we could predict certain outcomes for different 
tank sizes, filter rates, demands, etc., we now had two definite systems that could be analyzed 
to greater extents. 
 
One of the major aspects of how our systems would perform was the demand. After living at 
the HFLM for two weeks, we discovered that though full capacity was 24 occupants, this 
capacity would rarely, if ever, be met. Throughout the year the older boys would attend 
boarding school, returning for 3 to 6 month vacation periods. While these boys were gone, the 
HFLM made sure not to take in more boys as they did not want to lose the “home” feeling of 
the boy’s home. In actuality, an average of 12 to 14 boys would be at the home year round, 
causing us to have two separate cases: as design case (full-capacity) and a realistic case (half-
capacity). Since we designed for a full-capacity scenario, trying to the best of our ability to 
cover the home’s water demand throughout the entire year, the results of our system analysis 
proved to be much more successful when applying it to the more realistic case. 
 
Shower System 
Design Case 
Using the bucket showering plan shown in Table 1 and the same analysis techniques used in 
our design phase to predict water storage fluctuations throughout the year (see Hydrologic 
Analysis sections), we were able to determine that our shower tanks for a full capacity case 
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(24 occupants) would be empty approximately 6 days of the year and overflow for 
approximately 99 days of the year. Table A1 (see Appendix A) shows the sum of days empty 
versus days overflow for a year. Figure 14 shows the relative amount of days overflow versus 
the amount days empty the tanks will experience, separated by each month.  
 
 
A significant aspect of the performance of the performance of the tanks was the amount of 
overflow they would be experiencing, especially in the wet months. It was determined that in 
one year, the amount of overflow would be 164% greater than the amount of water needed to 
meet the demand rate for the entire year. Thus, by capturing and storing the overflow from 
these tanks, the home would not only be able to meet their annual shower demand, but have 
excess water to use for irrigation, laundry, and other demand sources not addressed directly 
by our system. Table A2 shows the percent difference between overflow quantity versus 
water shortage quantity and Figure A1 shows the distribution of overflow quantity over the 
course of a year.  
 
 
Figure 14: Annual water storage of shower system for full-capacity. 
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Realistic Case 
Using the same method of analysis as used for the design case, we determined that for a half 
capacity scenario that tanks would experience no empty days and about 151 days of overflow. 
Table A3 shows the sum of days empty versus overflow days and Figure 15 shows the 
amount of days empty versus days overflow distributed by each month of the year. 
 
 
As with the design case, the half capacity case experienced an even greater amount of annual 
overflow. Since the system did not have any empty tank days, all of this overflow could be 
used for other purposes. Table A4 and Figure A2 show the amount of overflow produced 
over the course of the year.  
 
Potable System 
Design Case 
Unlike the shower system demand which changed month to month depending on available 
rainfall, the demand for the potable system would have to remain constant as water intake is 
an essential human need. Since attempts to find the home’s current potable water demand 
only brought back unreliable results, we set a demand of 3 liters a day per occupant, the 
Figure 15: Annual water storage of shower system for half-capacity. 
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recommended amount as stated by the World Health Organization. Using this demand rate, 
we determined that potable water tank would experience 47 empty tank days and 63 overflow 
tank days per year. Table B1 (see Appendix B) shows the sum of empty versus overflowing 
tanks days and Figure 16 shows the distribution of empty versus overflowing tank days over 
the course of a year separated by month.  
 
 
Similar with the shower system, the potable system experienced a large amount of overflow. 
This overflow accounted for 393% more than the amount required to fulfill one year’s potable 
water demand. This excess water, as it is treated, could be used for other important uses where 
clean water is needed, such as cooking. Table B2 and Figure B1 show the amount of 
overflow generated and its distribution over a year.  
 
Realistic Case 
For the half capacity scenario, the system experienced 2 days of empty tank and 125 days of 
overflowing tank, a huge improvement from the full capacity scenario. The sum of empty 
days versus overflowing days can be seen in Table B3 and the distribution of those days over 
the course of a year can be seen in Figure 17. 
Figure 16: Annual storage capacity for potable system at full-capacity. 
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In terms of overflow, the half capacity case generated 56,712% more overflow then what was 
required to meet the annual demand, an enormous amount of treated water available for other 
purposes. Table B4 and Figure B2 show the amount of overflow generated and its 
distribution over a year. 
 
Meeting the Project Goal 
The initial goal of the HFLM for this project was to cover 75% of their monthly water 
demand with harvested rainwater for 9 months of the year, when Rwanda experiences 
substantial rainfall. As we set out to achieve this goal, we decided to design our system for a 
worst case scenario—for a full capacity home for an entire year. Though this was ambitious 
initially, it provided a cushion that increased our chances for meeting the HFLM’s goal. In 
order to determine the actual percentage of demand our system would cover, we had to make 
a few educated assumptions on how we thought the home’s water demand was distributed, 
which are shown in Table 5. Using these demand assumptions, it was determined that that 
combination of our two systems could cover 83% of the home’s annual water demand at full-
capacity and 85% of the demand at half-capacity. Tables C1 and C2 (see Appendix C) show 
Figure 17: Annual storage capacity for potable system at half-capacity. 
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in more detail the number of days in a year that were covered by the systems to achieve the 
yearly demand capacities met in our project. 
 
 
In terms of the goal set by the home, a 75% demand goal for nine months is equivalent to 
56% for an entire year, concluding that the goal was not only met but exceeded. Figure 18 
shows the home’s water demand met by our system for each month of the year. As it shows, 
75% demand coverage is exceeded in every month, including the dry months (June through 
August) that were initially not deemed feasible during the first stages of the design process. 
Table C3 shows in more detail the demand met per each month.  
 
 
Though the demand rates for both systems were set by our team to achieve an entire year’s 
water demand, these demand rates are not fixed and both systems can be used to the HFLM’s 
own extent. For instance, since the number of occupants changes throughout the year, 
Water Use % of water use
Showering 80%
Drinking 5%
Washing 
Clothes, 
Cooking, 
Irrigation
15%
Table 5: Assumed water demands. 
Figure 18: Percent of water demand met by system for full-capacity case on monthly basis. 
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different amounts of water can be used for showers, drinking, etc., and the numbers provided 
in the showering plan are only recommendations for a full capacity case when an entire year’s 
water demand needs to be covered. This ability for occupants to use more water for different 
purposes, as well as use city water when needed (as our systems do not impede the 
functionality of existing water fixtures), only improves the quality of life they live.  
 
Ethics and Sustainability 
One of the most important aspects of projects in developing areas that require frugal design 
and construction is a sense of ethical obligation and sustainable practice. The ethics and 
sustainability of this project were well justified, both environmentally and socially, as we 
were able to empower an ethical organization to be self-sustainable without environmental 
consequence. 
 
Environmental 
In the construction of this project, little to no harmful substances were used nor were any 
wildlife habitats altered. All materials used were common building materials that did not 
produce by-products, and the only toxic substance (Tangit pipe sealer) was used only for pipe 
connections and is a non-hazard once dry. All construction was done in close proximity to the 
buildings on the property and did not alter wildlife habitat. 
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Social 
The social aspect of this project was immense. It allowed for the self-empowerment of the 
HFLM to become more self-sustaining, reducing its reliance on municipal water and enabling 
it to save funds otherwise spent on water bills to be used in other areas. 
 
Though the technical aspect of meeting the goal set for our project was important, what made 
this project sustainable and even more meaningful to the boys at the home was the sense of 
community ownership shown by them. A very large portion of the project’s construction was 
done by the boys, which gave them more reason to care for and maintain it in the future. The 
social interactions between our team and the boys during the construction of the project was 
also very meaningful, and by the end of the trip many friendships were made and a large 
sense of self-accomplishment was felt by the boys, who have experienced tremendous 
hardship. Images 25 – 28 show different instances of community involvement.  
   
 
 
 
 
Images 25 – 27: Different instances of involvement from the boys. 
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Image 29: HFLM, Scott and Colin 
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CONCLUSION 
 
The motive for the project was to help the Hope for Life Ministry increase its self-sufficiency, 
enabling it to continue transforming the lives of the street boys it serves and have a positive 
effect in the world. By designing and building a rainwater harvesting system, we hoped to 
empower the boys and supply more than just water for showers and drinking. Working side 
by side with the boys to build the system made the project real, and to the greatest extent 
possible, gave the boys a sense of empowerment, self-accomplishment, and ownership that 
will maintain this project for years to come.  
 
The countless hours of preparation and the two weeks building were exhausting but 
rewarding. The time spent building the systems required resilience, technical knowledge, and 
a taste for adventure, and it was extremely fulfilling to see everything completed. We believe 
this project promotes global equity in an ethical, economical, and environmental friendly 
manner. 
 
It is a gratifying experience to submit this final report and present a multi system project that 
not only met its goal but exceeded it. The accomplishment of implementing both shower and 
potable water systems, meeting not only a 75% of the HFLM’s water demand for 9 months of 
the year but 83% of their demand for an entire year at full capacity is extremely rewarding. It 
is a great pleasure to present this thesis as the culmination of 4 years of engineering education 
at Santa Clara University.  
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APPENDIX A: Shower System Analysis 
 
 
 
 
 
 
Table A1: Sum of empty tank days versus overflow days for full-capacity case. 
Figure A1: Annual full capacity overflow separated by month. 
Table A2: Annual demand versus annual overflow. 
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Table A3: Sum of empty tank days versus overflow days for half-capacity case. 
Figure A2: Annual half capacity overflow separated by month. 
Table A4: Annual demand versus annual overflow. 
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APPENDIX B: Potable System Analysis  
 
 
 
 
 
 
 
Table B1: Sum of empty tank days versus overflow days for full-capacity case. 
Figure B1: Annual full capacity overflow separated by month. 
Table B2: Annual demand versus annual overflow. 
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Table B3: Sum of empty tank days versus overflow days for half-capacity case. 
Figure B2: Annual half capacity overflow separated by month. 
Table B4: Annual demand versus annual overflow. 
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APPENDIX C: Meeting Project Goals 
 
 
 
 
 
 
% water 
demand 
covered 
throughout 
year
Showers Potable Showers Potable
6 47 359 318
Tank Supply-Full Capacity
83%
Tank Supply Empty 
(days in year)
Tank Supply Available 
(days in year)
% water 
demand 
covered 
throughout 
year
Showers Potable Showers Potable
0 2 365 363
Tank Supply Empty 
(days in year)
Tank Supply-Half Capacity
85%
Tank Supply 
Available (days in 
year)
Shower Storage 
Analysis Full 
Capacity
Potable Storage 
Analysis Full 
Capacity
January 0 4 31 83%
Febuary 0 4 28 84%
March 1 5 31 82%
April 0 4 30 83%
May 1 4 31 83%
June 0 2 30 85%
July 0 2 31 85%
August 1 5 31 82%
September 2 6 30 79%
October 1 4 31 82%
November 1 4 30 83%
December 0 3 31 85%
Month
Days Empty
Days in 
Month
% Water 
Demand 
Covered
Table C1: Days empty for both systems and % total demand covered for full capacity. 
Table C2: Days empty for both systems and % total demand covered for half capacity. 
Table C3: Break down of water demand covered per month. 
